ABSTRACT Salmonella serotype distribution can give insight in contamination routes and persistence along a production chain. Therefore, it is important to determine not only Salmonella prevalence but also to specify the serotypes involved at the different stages of the supply chain. For this purpose, data from a national monitoring program in the Netherlands were used to estimate the serotype distribution and to determine whether this distribution differs for the available sampling points in the broiler supply chain. Data covered the period from 2002 to 2005, all slaughterhouses (n = 22), and the following 6 sampling points: departure from hatchery, arrival at the farm, departure from the farm, arrival at the slaughterhouse, departure from the slaughterhouse, and end of processing. Furthermore, retail data for 2005 were used for comparison with slaughterhouse data. The following serotypes were followed throughout the chain: Salmonella Enteritidis, Salmonella Typhimurium, Salmonella Paratyphi B var. Java (Salmonella Java), Salmonella Infantis, Salmonella Virchow, and Salmonella Mbandaka. Results showed that serotype distribution varied significantly throughout the supply chain (P < 0.05). Main differences were found at the farm and at the slaughterhouse (within one stage), and least differences were found between departure from one stage and arrival at the next stage. The most prominent result was the increase of Salmonella Java at farm level. This serotype remained the most prominent pathogen throughout the broiler supply chain up to the retail phase.
INTRODUCTION
Many salmonellosis cases occur each year, which causes a considerable burden to the public health and the economy. In the Netherlands, the total cost of illness for salmonellosis was 8.8 million euros in 2004 on a population of 16 million people (Kemmeren et al., 2006) . Salmonella is the second most important foodborne pathogen after Campylobacter (EFSA, 2009) .
Serotypes mostly encountered in human cases are Salmonella Enteritidis and Salmonella Typhimurium (EFSA, 2009) . In Europe, a total of 11% of broiler flocks is estimated to be contaminated with these serotypes. The 5 most frequently isolated Salmonella serovars from broiler flocks in the European Union are Salmonella Enteritidis, Salmonella Infantis, Salmonella Mbandaka, Salmonella Typhimurium, and Salmonella Hadar, with Salmonella Enteritidis as the most common serovar detected in 37% of Salmonella-positive flocks. The predominance of specific serovars, however, varies among member states (EFSA, 2007b) .
In the Netherlands, 12% of all human salmonellosis is attributed to serotypes predominating in broilers and broiler meat (van Pelt et al., 2007) . Retail data indicate that the majority of serovars in Dutch poultry meat are Salmonella Paratyphi B var. Java (Salmonella Java), Salmonella Infantis, Salmonella Virchow, and Salmonella Enteritidis, with the highest percentage for Salmonella Java (38.5% in 2006; van Pelt et al., 2007) . However, the presence of serovars at other stages of the supply chain is largely unknown. For the effective prevention of Salmonella, the distribution of serovars along the broiler supply chain will give valuable information regarding contamination routes and possible persistence of serovars in the chain.
The aim of the current study is to determine serotype distribution throughout the Dutch broiler supply chain from hatchery up to retail using data from a national monitoring program from 2002 to 2005 and retail data from 2005.
MATERIALS AND METHODS

Surveillance of Salmonella
In the Netherlands, the Dutch Product Board for Livestock, Meat and Eggs collects data on Salmonella spp. according to a national monitoring and control program. Monitoring of Salmonella is based on presence-absence testing of the pathogen at various sampling points in the broiler supply chain. For the aim of this study, testing results for Salmonella from the last 6 sampling points were obtained from the Dutch Product Board for Livestock, Meat and Eggs. These included the following: departure from hatchery (fluff samples), arrival at (paper liners) and departure from (fecal samples) the broiler farm, arrival at (cecal samples) and end of (breast skin samples) the slaughter line, and end of processing (chicken breast meat samples). When a sample is Salmonella-positive, the isolate recovered is serotyped for 40 serotypes and 7 main groups ( Table  1 ). The monitoring program includes a protocol for taking samples and performing microbiological analyses for each sampling point in the chain. Details of the sampling plan can be found in Van der Fels-Klerx et al. (2008) .
Data covered the period 2002 to 2005 and all 22 slaughterhouses in the Netherlands. For the cecal samples, it was assumed that if cecal samples (from the slaughterhouse) were reported as unknown and the corresponding fecal sample (from the broiler farm) was Salmonella-positive, the cecal sample was positive as well. The identified serotype in the fecal sample was used for the cecal sample as well. This was done because, following the monitoring program, the slaughterhouse did not need to report the cecal samples if fecal samples had been tested positive.
In addition to the monitoring data from the broiler supply chain, retail data from 2005 were obtained from the Dutch Food and Consumer Product Safety Authority. Each year between 1,300 and 1,500 samples are taken throughout the country divided over the various retail shops (butchers, supermarkets, etc.). The retail samples consisted of 25 g of chicken breast meat. They were analyzed for the presence-absence of Salmonella and, in case of a positive sample result, serotyped.
Microbiological Analyses
All samples (both from the broiler supply chain and from retail) were analyzed as follows: samples were preenriched in buffered peptone water (BPW) at a 1:10 ratio. The BPW was incubated for 18 ± 2 h at 37°C ± 1°C. Then, 0.1 mL of BPW (3 drops per plate) was inoculated onto the surface of a modified semisolid Rappaport-Vassiliadis plate (MSRV). The MSRV plates were incubated for 2 × 24 ± 2 h at 41.5°C ± 1°C and examined for opaque halos of growth.
Salmonella confirmation was performed for 1 to 3 colonies in case of pure cultures and up to 5 colonies for mixed culture. Material from the outside edge of the halo on MSRV plates was subcultured on brilliant green agar plates and incubated for 24 ± 2 h at 37°C ± 1°C. Salmonella-suspected colonies were biochemically confirmed, using triple sugar iron, ureum, and lysine-decarboxylase media. Isolates recovered from Salmonella-positive samples were serotyped using the Kauffmann-White scheme.
Statistical Analysis
For each of the 6 sampling points in the broiler supply chain, the number of positive and negative samples was counted per slaughterhouse and per quarter of the year for the time period 2002 to 2005. Data from the second and third quarter of 2003 were excluded from the analyses because they were assumed to be atypical due to an outburst of avian influenza in the Netherlands in that period. Data used in further analyses included around 60,000 results for the first 4 sampling points, 73,000 breast skin samples, and 26,000 chicken breast meat samples.
Salmonella prevalence was calculated for each sampling point. For the Salmonella-positive samples, the serotype fraction was calculated as a percentage of determined isolates, thereby adding up to 100%. Serotype fraction is thus given as a relative percentage with respect to other serotypes, making relative shifts in serotype distribution possible. Unknown serotypes were excluded from the analyses. Given the high number of serotypes found, a first screening was done for the serotypes that were encountered most frequently. In the statistical analyses, these serotypes were considered separately; the resulting ones were combined into 1 group as "other types."
Serotype distributions between 2 sampling points were compared using a χ 2 test on data from samples of the same slaughterhouse in the same quarter of the year. Totals are then calculated over slaughterhouses, quarters, and years. Pair-wise comparisons for the individual serotypes were performed using 2 × 2 χ 2 tests to determine which serotype contributed most to the differences found. For the year 2005, the fraction of each Salmonella serotype was compared between end of processing (chicken breast meat) and retail.
For all statistical analyses, a significance level of 0.05 was used. Calculations were performed with Genstat Release 10.2 (VSN International, Hemel Hempstead, UK).
RESULTS
Overall data for 2002 to 2005 showed that Salmonella prevalence increased from 0.3% at departure from the hatchery up to 9.4% at departure from the slaughterhouse. After the breast skin is removed, the prevalence decreases to 3.2% at the end of processing (Van der Fels-Klerx et al., 2008) . Results from the Dutch Food and Consumer Product Safety Authority showed that 13.9% of the retail samples was Salmonella-positive in 2005.
Overall, 28% of the Salmonella-positive samples gave an unknown serotype. Table 1 presents the fractions of the known serotypes at the various stages of the broiler supply chain. The table shows that serotypes most frequently encountered in the 6 sampling points included the following: Salmonella Enteritidis, Salmonella Typhimurium, Salmonella Java, Salmonella Infantis, Salmonella Virchow, and Salmonella Mbandaka. Consequently, these 6 serotypes were considered separately in further analyses, together with the group "other types," which included the resulting 34 serotypes and 7 main groups. Figure 1 shows that the fraction of Salmonella Enteritidis is highest at the first 2 sampling points (at about 21%) but gradually declines further along the broiler supply chain toward 2% at the end of processing. Salmonella Typhimurium increases from 0% at departure from hatchery to around 3 to 4% at the farm and at the slaughterhouse and decreases to 0.6% at the end of processing. Salmonella Java enters the chain at the farm level at a relatively low level of 2.5% but increases to a high fraction of 35% at departure of the farm, after which it remains predominant throughout the further supply chain. Salmonella Virchow and Salmonella Infantis fluctuate throughout the chain with an increase for Salmonella Virchow at the end of processing to 13%. Salmonella Mbandaka gradually decreases from 16% at the end of hatchery up to 1% at the end of processing.
Serotype distributions differed significantly between all sampling points (P < 0.05). Pair-wise comparisons for the individual serotypes at the various combinations of sampling points showed that the largest differences in serotype distribution were found between entrance of and departure from the broiler farm as well as between entrance of and departure from the slaughterhouse (Table 2) . When the fraction of serovars at the entrance and departure of the farm is compared, the increase of Salmonella Typhimurium and Salmonella Java was significantly different from the other strains. Comparisons of serotypes at the slaughterhouse also showed significant differences. Least differences in serotype distributions were found between departure from hatchery and arrival at the farm, between departure from the farm and arrival at the slaughterhouse, and between departure from the slaughterhouse and end of processing. The latter comparison showed that the decrease of Salmonella Infantis was significantly different from the other serotypes. Figure 2 shows comparisons between serotype distribution at retail and end of processing. It can be seen that although the fraction of Salmonella Virchow increases toward the end of processing, it decreases at retail level. The fraction of Salmonella Java at retail is 61% and herewith this serotype remains the most prominent serotype in chicken breast meat.
DISCUSSION
Although for each positive sample only a few isolates were serotyped, the total data set consisted of 26,000 to 73,000 samples, thereby giving a representative view of Salmonella serotype distribution found on chickens at the various stages of the broiler supply chain. Statistical analysis of the data set revealed that main differences in Salmonella serotypes occur between arrival and departure at the farm and between arrival and departure at the slaughterhouse. At the farm, the relative fraction of most serotypes decreases, whereas the fraction of Salmonella Typhimurium increases slightly and Salmonella Java increases markedly. Salmonella Java becomes the most prominent pathogen at the end of the growing period. Young birds, particularly in the first week of life, are more susceptible for Salmonella colonization than older birds. They pick up a variety of microbial inhabitants from the environment (Crippen et al., 2008) . Salmonella Java may thus have entered the broiler supply chain at the farm level through contamination from the surroundings. Hygiene measures are effective against serotypes like Salmonella Enteritidis, Salmonella Infantis, and Salmonella Virchow but appear to be less effective toward Salmonella Java, which may result in the persistence of Salmonella Java in the broiler supply chain (van Pelt et al., 2003) . An experimental study with Salmonella Java showed that the strain is indeed capable of rapidly spreading between chickens and persisting until slaughter (Van Immerseel et al., 2004) . This explains why, in the Netherlands, Salmonella Java remains the predominant strain throughout the broiler supply chain after its entrance at the farm level. Salmonella Java is also frequently isolated in Belgium, Luxembourg, and Germany, whereas this serotype is encountered less frequently in other European countries (EFSA, 2007b (EFSA, , 2009 ). This coincides with the fact that in the latter half of the 1990s, a particular multiresistant clone of Salmonella Java became predominant in poultry production in Germany. The same clone has been identified in isolates from Belgium and the Netherlands (Miko et al., 2002) . It, therefore, seems to be a regional occurring serotype. It is suggested that the emergence and spread of this multiresistant clone may have been caused by the increased use of antimicrobial agents against Salmonella Enteritidis in poultry production (Miko et al., 2002; Mayrhofer et al., 2004) .
Overall within the European Union, Salmonella Enteritidis is most frequently isolated in feces followed by Salmonella Infantis, Salmonella Mbandaka, and Salmonella Typhimurium, with Salmonella Virchow at the 10th place (EFSA, 2007b) . Our feces data (at departure from the farm) indicate that for the Netherlands, a different distribution is found, with Salmonella Java being the most frequently encountered serotype followed by Salmonella Infantis, Salmonella Virchow, Salmonella Enteritidis, Salmonella Typhimurium, and Salmonella Mbandaka. Serovar distribution, however, varies widely among member states and most of them have a specific distribution (EFSA, 2007b) as is the case in the Netherlands.
Salmonella prevalence at retail level was higher (13.9%) than the Salmonella contamination of finished products at the end of processing (3.2%). Sampling and analyses at the 2 stages were comparable. An explanation for the higher prevalence at retail may be that retail samples do not all originate from slaughterhouse in the Netherlands. A small percentage of the sampled breast meat comes from other countries that may have higher Salmonella prevalences. Another explanation may be a possible recontamination at the retail stage, in which, at butcher shops and poulterers, Salmonella from other products or the surroundings may have contaminated the chicken breast meats sampled. Chicken consumption is most likely the cause of human Salmonella Java cases because almost all Salmonella Java cases (89%) are caused by chicken products (van Pelt et al., 2007) . In 2005, 41% of the serotypes found in the chicken breast meat at the end of processing was attributed to Salmonella Java. At retail, this level was even higher at 61%. Although the fraction of Salmonella Java at retail was declining in 2005 and 2006 compared with all other serovars (EFSA, 2006 (EFSA, , 2007a van Pelt et al., 2007) , there was an increase in fraction in 2007 (EFSA, 2009 ). More research is, therefore, needed to establish the origin and persistence of Salmonella Java in the broiler supply chain.
Comparing serotype distribution in the chain to human outbreak data for the Netherlands shows that although Salmonella Java is the most prominent serotype in the chain, it does not cause many human cases. In 2005, only 0.1% of cases in the Netherlands was caused by Salmonella Java (van Pelt et al., 2007) , whereas the majority of cases (around 75%) was caused by Salmonella Enteritidis and Salmonella Typhimurium (van Pelt et al., 2008) . These cases are, however, caused by the consumption of a variety of products. Only 12% of human salmonellosis is attributed to chicken products, with most of these cases (7.5%) caused by Salmonella Enteritidis and Salmonella Typhimurium (van Pelt et al., 2007) . These serotypes, therefore, remain the most important ones for the broiler supply chain with respect to food safety in the Netherlands.
In conclusion, analysis of serovar distribution along the broiler supply chain showed that there are significant differences (P < 0.05) between the various stages of the chain. Least differences were found between departure from one stage and arrival at the next stage. Largest differences were found within 1 stage: at the farm and at the slaughterhouse. At the farm, Salmonella Java becomes the most prominent serovar and persists throughout the broiler supply chain. Further research is needed to determine factors influencing the contamination with Salmonella Java in the chain. 
